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(57) ABSTRACT 
A transport refrigeration unit (TRU) battery charging system 
includes a programmable transport refrigeration system 
(TRS) Controller, a TRU battery and a programmable battery 
charger (BC) programmed to transfer electrical current to the 
TRU battery via a predetermined current path through the 
programmable TRS Controller in response to a value of offset 
current drawn from the TRU battery by the programmable 
TRS Controller and subsequently communicated to the pro 
grammable BC by the programmable TRS Controller. The 
programmable TRU battery charger allows for a dynamic 
load characterization of the programmable TRS Controller 
and accessory loads based on programmable TRU battery 
charger internal shunt current measurements and program 
mable TRS Controller internal shunt current measurements to 
allow the programmable TRU battery charger to function 
properly with all intended modes of operation. 
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1. 

OFFSET CURRENT IMPLEMENTATION FOR 
BATTERY CHARGER 

FIELD 

The embodiments disclosed herein relate generally to a 
transport refrigeration unit (TRU) of a transport refrigeration 
system (TRS). More particularly, the embodiments relate to a 
system and method for dynamically characterizing the load 
connected to a TRU battery charger, thus allowing the TRU 
battery charger to accurately adjust its output current based on 
the dynamically changing load. 

BACKGROUND 

A transport refrigeration system (TRS) is generally used to 
control an environmental condition (e.g., temperature, 
humidity, air quality, and the like) within a refrigerated trans 
port unit (e.g., a container on a flat car, an intermodal con 
tainer, etc.), a truck, a box car, or other similar transportunits 
(TUs). ATRS may include a transport refrigeration unit that 
is attached to the TU and provides refrigeration within a cargo 
space of the TU. The TRU may include, without limitation, a 
compressor, a condenser, a thermo expansion valve, an 
evaporator and fans and/or blowers to facilitate heat exchange 
between the cargo space of the TU and the environment 
surrounding the TU. 

In a cooling cycle, a refrigerant is compressed by the com 
pressor and Subsequently flows into the condenser. In the 
condenser, the compressed refrigerant can release heat to the 
environment. Then the refrigerant can pass through the 
thermo expansion valve where it can Subsequently flow into 
the evaporator to absorb heat from air in a space desired to be 
cooled. A fan and/or blower can be used to facilitate heat 
exchange between the refrigerant and the environment when 
the refrigerant is in the condenser and the evaporator by 
creating air flow through the condenser and the evaporator. 

SUMMARY 

The embodiments disclosed herein relate generally to a 
TRU of a TRS. More particularly, the embodiments relate to 
a system and method for dynamically characterizing the load 
connected to a TRU battery charger, thus allowing the TRU 
battery charger to accurately adjust its output current based on 
the dynamically changing load. 

That is, the embodiments described herein are directed to a 
system and method for adjusting the current output of a TRU 
programmable/smart battery charger in a manner that 
dynamically accounts for varying load conditions, thus 
increasing the accuracy, efficiency and reliability of charging 
algorithms programmed into the Smart battery charger. 
According to one aspect, the varying load conditions are 
dynamically characterized in response to an offset current 
drawn from the TRU battery during a null mode measurement 
of the battery voltage. 
The embodiments described herein provide a system and 

method for accurately estimating an open circuit Voltage of a 
TRU battery; efficiently and effectively transition between a 
bulk current charging mode, an absorption mode and a float 
mode of a TRU battery charger, dynamically change a load on 
the TRU battery charger; and multi-tasking a single output 
terminal of the TRU battery charger to supply accessory loads 
to components of the TRU and to charge the TRU battery. 

According to one embodiment, a transport refrigeration 
unit (TRU) battery charging system comprises a program 
mable TRS Controller, a TRU battery and a programmable/ 
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2 
Smart battery charger configured to transfer electrical current 
to the TRU battery via a predetermined current path through 
the TRS Controller in response to a value of offset current 
drawn from the TRU battery by the TRS Controller during a 
null mode measurement of the TRU battery voltage and sub 
sequently communicated to the programmable battery 
charger. 

According to another embodiment, a method of operating 
a transport refrigeration unit (TRU) battery charging system 
comprises programming a TRS Controller to measure a value 
of offset current drawn from a TRU battery by the program 
mable TRS Controller during a null mode voltage measure 
ment of the TRU battery by a programmable/smart battery 
charger connected to the TRU battery via a current path 
through the programmable TRS Controller; and communi 
cating the value of offset current to the programmable battery 
charger Such that the Smart battery charger operates in a 
desired Stage of charging based on the value of offset current. 

DRAWINGS 

The foregoing and other features, aspects and advantages 
of the invention are apparent from the following detailed 
description taken in conjunction with the accompanying 
drawings in which like characters represent like parts 
throughout the drawings, wherein: 

FIG. 1 illustrates one embodiment of a TRS comprising a 
TRU: 

FIG. 2 is a schematic illustration of TRU battery charging 
system, according to one embodiment; 

FIG. 3 is a schematic illustration showing data communi 
cation between a programmable TRS Controller and a smart/ 
programmable battery charger, according to one embodi 
ment; and 

FIG. 4 is a flow chart showing a method of dynamically 
characterizing a load connected to a Smart TRU battery 
charger, thus allowing the Smart TRU battery charger to accu 
rately adjust its output current based on the dynamically 
changing load, according to one embodiment. 

While the above-identified drawing figures set forth alter 
native embodiments, other embodiments are also contem 
plated, as noted in the discussion. In all cases, this disclosure 
presents illustrated embodiments by way of representation 
and not limitation. Numerous other modifications and 
embodiments can be devised by those skilled in the art which 
fall within the scope and spirit of the principles of this dis 
closure. 

DETAILED DESCRIPTION 

FIG. 1 illustrates one embodiment of a TRS 100 for a 
transportunit (TU) 125 that is attached to a tractor 120. The 
TRS 100 includes a TRU 110 that controls refrigeration 
within the TU 125. The TRU 110 is disposed on a front wall 
130 of the TU 125. A tractor 120 is attached to and is config 
ured to tow the transport unit 125. It will be appreciated that 
the embodiments described herein are not limited to trucks 
and trailer units, but can just as easily apply to any other 
Suitable temperature controlled apparatuses such as a ship 
board container, an air cargo container or cabin, an over the 
road truck cabin, among others. The TRU 100 may comprise 
a programmable TRS Controller 155 that may comprise a 
single integrated control unit 160 or that may comprise a 
distributed network of TRS control elements 160, 165. The 
number of distributed control elements in a given network 
will depend upon the particular application of the principles 
described herein. The TRU 100 may further comprise agen 
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erator set 170 including without limitation, a prime mover 
(not shown), a generator (e.g., a three phase AC generator) 
(not shown), a TRU battery (not shown) and a programmable/ 
smart TRU battery charger (not shown) that together are 
configured to power the TU 125 while in transit. 

FIG. 2 is a schematic illustration of a TRU battery charging 
system 200, according to one embodiment. The program 
mable TRS Controller 155 is connected to a TRU battery 202 
and provides a current path 204 between the TRU battery 202 
and a programmable/smart TRU battery charger 206 accord 
ing to the principles described herein. In some embodiments, 
the TRU battery 202 can be a -12 volt battery. 

Because the current path 204 between the Smart battery 
charger 206 and the TRU battery 202 passes through the 
programmable TRS Controller 155, the TRU battery voltage 
measured by the smart TRU battery charger 206 during a 
null-mode Voltage measurement may actually be lower than 
the measured value due to an offset current drawn by the TRS 
Controller 155 from the TRU battery 202 as the smart TRU 
battery charger 206 current output transitions to, for example, 
about 0 Amperes. As depicted for one embodiment in FIG. 2, 
an offset current drawn by the TRS Controller 155 that may 
include additional loads, can be about 6 Amperes. Thus, it can 
be appreciated that during normal operation when a null 
mode voltage measurement is performed by the Smart TRU 
battery charger 206, the TRU battery voltage may actually be 
lower than the measured TRU battery voltage X due to the 
offset current being drawn by the TRS Controller 155 from 
the battery 202 as the Smart TRU battery charger output drops 
to about 0 Amperes, as Stated herein. For example, in one 
embodiment, when measured by the TRU battery charger 
206, the measured TRU battery voltage X can be a negative 
voltage offset up to about -2 volts. 

Since the foregoing negative Voltage effect may cause the 
null-mode battery voltage measurement to be lower than what 
it actually is, and potentially lower than a predetermined low 
battery voltage threshold of the Smart TRU battery charger 
206, it may cause the TRU charger 206 to provide a lower than 
desired output current. Accordingly, this negative effect may 
cause the null-mode battery Voltage measurement to be lower 
than, for example, -11.5VDC which may set the low battery 
Voltage threshold of the battery charger in a manner Such that 
the smart TRU battery charger 206 only generates a config 
urable amount of output current (e.g., ~5 Amperes). In some 
embodiments, the configurable amount of output current can 
be between -0 to ~30 Amperes. For example, in one embodi 
ment, the configurable amount of output current can be set to 
~5 Amperes as discussed above. In another embodiment, the 
configurable output current can be set to ~20 Amperes. This 
resultant operating condition may continue to deplete the 
TRU battery 202 as controller loads may be above -7 
Amperes based on the mode of operation. As such, the TRU 
system 200 potentially may not restart under certain operat 
ing conditions such as, without limitation, "on demand auto 
matic start conditions or shut down from/while in certain 
continuous operation conditions. 

FIG.3 is a schematic illustration of a TRU battery charging 
system 300 showing data communication between the pro 
grammable TRS Controller 155 and the smart/programmable 
TRU battery charger 206, according to one embodiment. 
According to one embodiment, a controller area network 
(CAN) interface/bus 310 is employed to provide data com 
munication between the TRS Controller 155 and the TRU 
battery charger 206. The value of offset current drawn from 
the TRU battery 202 during null mode measurement of the 
TRU battery voltage is then provided to the TRU battery 
charger 206 over the CAN interface/bus 310. This value of 
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4 
offset current will allow the TRU battery charger 206 to adjust 
its output to dynamically account for varying load conditions, 
and thereby operate in the correct stage of its programmed/ 
Smart charging algorithm as well as to accurately measure the 
TRU battery voltage level. According to one aspect, the mea 
sured offset current value is sent to the TRU battery charger 
206 about once every few milliseconds, regardless of operat 
ing mode. 

While FIG. 3 illustrates that data communication between 
the TRS Controller 155 and the TRU battery charger 206 is 
employed via a CAN interface/bus 310, it is appreciated that 
in other embodiments data communication between the TRS 
Controller 155 and the TRU battery charger 206 can be 
employed via a serial communication bus, an IC communi 
cation bus, a wireless communication bus (e.g., Bluetooth, 
ZigBee, Infrared, etc.), etc. 

According to one embodiment, the foregoing measured 
offset current value can be used by the TRU battery charger 
206 during null mode measurement of TRU battery voltage to 
determine what charging mode the TRU battery charger 206 
should be operating in. According to one aspect, detection of 
a low TRU battery voltage by the TRU battery charger 206 
can set predetermined low Voltage operating conditions. 
According to another aspect, detection of an open circuit/ 
disconnected battery condition by the TRU battery charger 
206 can set predetermined open battery operating conditions, 
based on whether the TRU battery 202 is still connected, was 
disconnected while running, or is Subject, for example, to a 
damaged battery cable. According to yet another aspect, 
detection of a reverse TRU battery polarity condition by the 
TRU battery charger 206 can be used by the battery charger 
206 to protect itself from electrical damage. 

According to one embodiment, the Smart TRU battery 
charger 206 can be programmed with a three-stage charging 
algorithm that causes the TRU battery charger 206 to operate 
in a bulk current charging mode that delivers as much current 
as possible into the TRU battery 202, an absorption mode that 
causes the TRU battery charger 206 to continue charging the 
TRU battery 202 subsequent to bulk current charging, and a 
float mode in which the TRU battery charger 206 will con 
tinue to charge/maintain the TRU battery 202 at lower cur 
rents and a lower voltage to prevent TRU battery overcharg 
ing and outgassing. 

In some embodiments, the TRU battery charger 206 can 
operate in the bulk current charging mode about 5% of the run 
time, in the absorption mode about 30% of the run time, in the 
float mode about 65% of the run time. For example, in on 
embodiment, when the run time is about 1 hour, the TRU 
battery charger 206 can operate in the bulk current charging 
mode for about 1 minute, the absorption mode for about 15 
minutes and in the float mode for about 44 minutes. 

Accurate characterization of loading on the TRU battery 
charger 206 during normal operation can be important since 
during normal operation when the null-mode measurement is 
made, the TRU battery voltage may actually be lower due to 
an offset current being drawn by the TRS Controller 155 from 
the TRU battery 202 as the TRU battery charger 206 output 
drops to about 0 Amperes. This condition is exemplified at the 
bottom centerportion of FIG.2 that shows an offset current of 
-6 Amperes drawn by the TRS Controller 155. This negative 
effect can cause the null-mode TRU battery voltage measure 
ment to be lower than what it actually is, potentially lower 
than a predetermined low battery voltage threshold of the 
charger only outputting, for example, ~5 Amperes. This con 
dition may continue to deplete the TRU battery 202 as TRS 
Controller loads can be above -7Amperes based on mode of 
operation, causing the TRU 100 to potentially fail to restart 
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during certain conditions or to shut down from/while in cer 
tain continuous operation conditions. 
A failure to take into consideration the foregoing offset 

current can disadvantageously prevent the TRU battery 
charger 206 to enter the float mode of the three-stage algo 
rithm described herein, since the current being sourced from 
the TRU battery charger 206 to charge the TRU battery 202 is 
in addition to the offset current required to run the TRS 
Controller 155. According to one embodiment, this value 
may be about 4 to 7 Amperes, based on various run condi 
tions. This value is above the transition point (e.g., ~2.5 
Amperes) to charge the TRU battery 202, according to one 
embodiment. Further, a negative current flow from the TRU 
battery 202 to supply power to the TRS Controller 155 and/or 
additional loads may cause issue with the open battery detec 
tion operation implemented within the TRU battery charger 
206. 
More specifically, the TRS Controller 155 is programmed 

to provide shunt current information to the TRU battery 
charger 206 via the CAN communication interface/bus 310. 
This shunt current information can be depicted as I TRU Sh 
unt 320 in FIG. 3. The shunt current 320 can be dynamic and 
may change based on operating modes of the TRU 100 shown 
in FIG. 1. 

In some embodiments, the shunt current information can 
be broadcasted by the TRS Controller 155 to the TRU battery 
charger 206 in real-time. In other embodiments, the shunt 
current information can be broadcasted by the TRS Control 
ler 155 to the TRU battery charger, for example, at a rate of 
once every millisecond up to once every hour. In some 
embodiments, the shunt current information can be broad 
casted by the TRS Controller 155 to the TRU battery charger, 
for example, once every second. That is, the broadcast rate of 
the shunt current information from the TRS Controller 155 to 
the TRU battery charger 206 can be set based on the require 
ments of the application and to prevent flooding the CAN 
communication interface/bus 310 with shunt current infor 
mation while still allowing the TRU battery charger 206 to 
accurately adjust its output current based on the dynamically 
changing load. 

Also, in Some embodiments, the shunt current information 
can be a real/measured shunt current value. In other embodi 
ments, the shunt current information can be a filtered value 
based off of the real/measured value. The shunt current infor 
mation can be filtered via a software and/or hardware filter to 
remove, for example, noise and to provide a more accurate 
measurement value. In some embodiments, the shunt current 
information can be filtered via a resistor-capacitor (RC) filter. 
The shunt current information can be filtered by, for example, 
one or more of the TRS Controller 155, the TRU battery 
charger 206, a separate hardware/software filter device, etc. 

According to one embodiment, the TRU battery charger 
206 can be programmed with algorithmic Software to calcu 
late the value of offset current (I Offset), where 

I Offset=I Batt-I TRU Shunt, where 

the I Batt value is known by the TRU battery charger 206 due 
to an internal current measurement shunt 208. The TRU bat 
tery charger 206 will then use the calculated offset current 
value I Offset to offset the output battery charge current. It 
will be appreciated that this process allows for a proper null 
mode measurement value by not having negative current flow 
from the battery to power the TRU/additional loads. Accord 
ing to one embodiment, the TRS Controller 155 can continue 
to function in the same manner, regardless of the type of 
charging system, such as without limitation, a battery charger 
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6 
electronic power Supply or a battery charging DC alternator, 
employed for utilizing TRU shunt current measurements. 

In Summary explanation, a transport refrigeration unit 
(TRU) battery charging system comprises a programmable 
TRS Controller 155, a TRU battery 202 and a programmable/ 
Smart battery charger 206 programmed and configured to 
transfer electrical current to the TRU battery 202 via a pre 
determined current path 304 through the TRS Controller 155 
in response to a value of offset current drawn from the TRU 
battery 202 by the TRS Controller 155 during a null mode 
measurement of the TRU battery voltage and subsequently 
communicated to the programmable battery charger 206. 
Algorithmic software programmed into the TRU battery 
charger 206 allows for a dynamic load characterization of the 
TRS Controller 155 and accessory loads based on TRU bat 
tery charger internal shunt current measurements and TRS 
Controller internal shunt current measurements to allow the 
battery charger 206 to function properly with all intended 
modes of operation. 

FIG. 4 is a flow chart showing a method 400 of dynamically 
characterizing a load connected to a Smart TRU battery 
charger, thus allowing the Smart TRU battery charger to accu 
rately adjust its output current based on the dynamically 
changing load, according to one embodiment. The method 
commences by first measuring the TRU battery charger inter 
nal shunt current value (I Batt) at 402. Prior to, simulta 
neously with, or subsequent to measuring the TRU battery 
charger internal shunt current value at 402, the TRS Control 
ler measures its own shunt current (I TRU Shunt) at 404. 
The TRS Controller then communicates the value of its own 
shunt current to the TRU battery charger, wherein the TRU 
battery charger calculates the requisite value of offset current 
(I Offset) based on I Batt and I TRU Shunt at 406. Next, at 
408, the TRU battery charger offsets its output battery charge 
current by the value of offset current (I Offset). This then 
allows for an accurate measurement of null-mode TRU bat 
tery voltage at 410. The desired operating mode for the TRU 
battery charger is then accurately controlled based on the 
correct null-mode TRU battery voltage at 412. 
The principles and embodiments described herein provide 

numerous advantages. Some of these advantages include, 
without limitation, increased battery charging accuracy, 
increased load sourcing accuracy and increased operating 
mode accuracy. Further, since the TRU battery charger 206 is 
programmable, it may be programmed to also measure and 
dynamically characterize operating conditions of TRU loads 
Such as an AC generator output signal Voltage, phase and 
frequency that provides power to the TRU 100. It will be 
appreciated that the TRU battery charger 206 may be put into 
a sleep mode or a deep sleep mode in response to instructions 
from the TRS Controller 155 via the CAN interface/bus 310 
during periods where battery charging and/or load sourcing 
may not be required. 
Aspects: 

It is noted that any of aspects 1-9, 10 and 11-16 can be 
combined. 
1. A transport refrigeration unit (TRU) battery charging sys 
tem, comprising: 

a programmable transport refrigeration system (TRS) Con 
troller; 

a TRU battery; and 
a programmable battery charger (BC) programmed to 

transfer electrical current to the TRU battery via a predeter 
mined current path through the programmable TRS Control 
ler in response to a value of offset current drawn from the 
TRU battery by the programmable TRS Controller and sub 
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sequently communicated to the programmable BC by the 
programmable TRS Controller. 
2. The TRU battery charging system according to aspect 1, 
wherein the programmable BC is further programmed to 
transfer electrical current to the TRU battery via the prede 
termined current path through the programmable TRS Con 
troller in response to the value of offset current drawn from 
the TRU battery by the programmable TRS Controller during 
a null-mode measurement of the TRU battery voltage. 
3. The TRU battery charging system according to aspect 2, 
wherein the programmable BC is further programmed to 
operate in at least one of a bulk current mode, an absorption 
mode and a float mode based on the value of offset current 
drawn from the TRU battery by the programmable TRS Con 
troller during the null-mode measurement of the TRU battery 
Voltage. 
4. The TRU battery charging system according to any of 
aspects 1-3, wherein the programmable BC is further pro 
grammed to dynamically characterize a load sourced by the 
programmable BC in response to the value of offset current 
drawn from the TRU battery by the programmable TRS Con 
troller. 
5. The TRU battery charging system according to any of 
aspects 1-4, wherein the programmable BC is further pro 
grammed to dynamically characterize a load sourced by the 
programmable BC in response to a value of programmable 
BC internal shunt current measured by the programmable 
BC. 
6. The TRU battery charging system according to any of 
aspects 1-5, wherein the programmable BC is further pro 
grammed to dynamically characterize Voltage, frequency and 
phase characteristics associated with AC generator output 
signals measured by the programmable B.C. 
7. The TRU battery charging system according to any of 
aspects 1-6, wherein the programmable BC is further pro 
grammed to operate in a bulk current charging mode based on 
the value of offset current drawn from the TRU battery by the 
programmable TRS Controller and Subsequently communi 
cated to the programmable BC by the programmable TRS 
Controller. 
8. The TRU battery charging system according to any of 
aspects 1-7, wherein the programmable BC is further pro 
grammed to operate in an absorption charging mode based on 
the value of offset current drawn from the TRU battery by the 
programmable TRS Controller and Subsequently communi 
cated to the programmable BC by the programmable TRS 
Controller, wherein the programmable BC continues to 
charge the TRU battery at lower voltage and current levels 
Subsequent to a TRU battery bulk charging mode. 
9. The TRU battery charging system according to any of 
aspects 1-8, wherein the programmable BC is further pro 
grammed to operate in a float charging mode based on the 
value of offset current drawn from the TRU battery by the 
programmable TRS Controller and Subsequently communi 
cated to the programmable BC by the programmable TRS 
Controller, wherein the programmable BC continues to pro 
vide charge to the TRU battery at lower voltage and current 
levels Subsequent to a TRU battery absorption charging 
mode. 
10. A method of operating a transport refrigeration unit 
(TRU) battery charging system, the method comprising: 
programming a programmable transport refrigeration sys 

tem (TRS) Controller to measure a value of offset current 
drawn from a TRU battery by the programmable TRS Con 
troller during a null mode voltage measurement of the TRU 
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8 
battery by a programmable battery charger connected to the 
TRU battery via a current path through the programmable 
TRS Controller; and 

communicating the value of offset current to the program 
mable battery charger Such that the programmable battery 
charger operates in a desired stage of TRU battery charging 
based on the value of offset current. 

11. A method of operating a transport refrigeration unit 
(TRU) battery charging system, the method comprising: 
programming a programmable transport refrigeration sys 

tem (TRS) Controller to intermittently measure a value of 
offset current (I TRU Shunt) drawn from a TRU battery by 
the programmable TRS Controller; 

programming a programmable TRU battery charger (BC) 
to intermittently measure a load current (I Batt) sourced via 
the programmable TRU battery charger; 

intermittently communicating the value of TRS Controller 
offset current (I TRU Shunt) to the programmable TRUBC, 
wherein the programmable TRU BC is connected to the TRU 
battery via a current path through the programmable TRS 
Controller; and 

controlling a TRU battery charge mode of the program 
mable TRU BC based on an offset current value represented 
as (I Batt)-(I TRU Shunt). 
12. The method according to aspect 11, further comprising 
measuring a null-mode TRU battery voltage via the TRU BC. 
13. The method according to aspect 12, further comprising, 
adjusting the measured null-mode TRU battery voltage based 
on the offset current value represented as (I Batt)- 
(I TRU Shunt), wherein (I Batt) is Zero Amperes during the 
null-mode TRU battery voltage measurement. 
14. The method according to aspect 13, further comprising, 
operating the programmable TRUBC in a bulk current charg 
ing mode based on the value of offset current drawn from the 
TRU battery by the programmable TRS Controller and sub 
sequently communicated to the programmable BC by the 
programmable TRS Controller. 
15. The method according to aspect 13 or 14, further com 
prising, operating the programmable TRU BC in an absorp 
tion charging mode based on the value of offset current drawn 
from the TRU battery by the programmable TRS Controller 
and Subsequently communicated to the programmable BC by 
the programmable TRS Controller, such that the program 
mable TRU BC continues to charge the TRU battery at lower 
voltage and current levels subsequent to the TRU battery bulk 
charging mode. 
16. The method according to any of aspects 13-15, further 
comprising, operating the programmable TRU BC in a float 
charging mode based on the value of offset current drawn 
from the TRU battery by the programmable TRS Controller 
and Subsequently communicated to the programmable BC by 
the programmable TRS Controller, such that the program 
mable TRU BC continues to provide charge to the TRU 
battery at lower voltage and current levels subsequent to the 
TRU battery absorption charging mode. 

While only certain features of the embodiments have been 
illustrated and described herein, many modifications and 
changes will occur to those skilled in the art. It is, therefore, to 
be understood that the appended claims are intended to cover 
all Such modifications and changes as fall within the true spirit 
of the embodiments described herein. 
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The invention claimed is: 
1. A transport refrigeration unit (TRU) battery charging 

System, comprising: 
a programmable transport refrigeration system (TRS) Con 

troller; 
a TRU battery; and 
a programmable battery charger (BC) programmed to 

transfer electrical current to the TRU battery via a pre 
determined current path through the programmable TRS 
Controller in response to a value of offset current drawn 
from the TRU battery by the programmable TRS Con 
troller and subsequently communicated to the program 
mable BC by the programmable TRS Controller. 

2. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
transfer electrical current to the TRU battery via the prede 
termined current path through the programmable TRS Con 
troller in response to the value of offset current drawn from 
the TRU battery by the programmable TRS Controller during 
a null-mode measurement of the TRU battery voltage. 

3. The TRU battery charging system according to claim 2, 
wherein the programmable BC is further programmed to 
operate in at least one of a bulk current mode, an absorption 
mode and a float mode based on the value of offset current 
drawn from the TRU battery by the programmable TRS Con 
troller during the null-mode measurement of the TRU battery 
Voltage. 

4. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
dynamically characterize a load sourced by the program 
mable BC in response to the value of offset current drawn 
from the TRU battery by the programmable TRS Controller. 

5. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
dynamically characterize a load sourced by the program 
mable BC in response to a value of programmable BC internal 
shunt current measured by the programmable BC. 

6. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
dynamically characterize Voltage, frequency and phase char 
acteristics associated with AC generator output signals mea 
sured by the programmable BC. 

7. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
operate in a bulk current charging mode based on the value of 
offset current drawn from the TRU battery by the program 
mable TRS Controller and subsequently communicated to the 
programmable BC by the programmable TRS Controller. 

8. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
operate in an absorption charging mode based on the value of 
offset current drawn from the TRU battery by the program 
mable TRS Controller and subsequently communicated to the 
programmable BC by the programmable TRS Controller, 
wherein the programmable BC continues to charge the TRU 
battery at lower Voltage and current levels subsequent to a 
TRU battery bulk charging mode. 

9. The TRU battery charging system according to claim 1, 
wherein the programmable BC is further programmed to 
operate in a float charging mode based on the value of offset 
current drawn from the TRU battery by the programmable 
TRS Controller and subsequently communicated to the pro 
grammable BC by the programmable TRS Controller, 
wherein the programmable BC continues to provide charge to 
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10 
the TRU battery at lower voltage and current levels subse 
quent to a TRU battery absorption charging mode. 

10. A method of operating a transport refrigeration unit 
(TRU) battery charging system, the method comprising: 
programming a programmable transport refrigeration sys 
tem (TRS) Controller to measure a value of offset cur 
rent drawn from a TRU battery by the programmable 
TRS Controller during a null mode Voltage measure 
ment of the TRU battery by a programmable battery 
charger connected to the TRU battery via a current path 
through the programmable TRS Controller; and 

communicating the value of offset current to the program 
mable battery charger such that the programmable bat 
tery charger operates in a desired stage of TRU battery 
charging based on the value of offset current. 

11. A method of operating a transport refrigeration unit 
(TRU) battery charging system, the method comprising: 
programming a programmable transport refrigeration sys 
tem (TRS) Controller to intermittently measure a value 
of offset current (I TRU Shunt) drawn from a TRU 
battery by the programmable TRS Controller; 

programming a programmable TRU battery charger (BC) 
to intermittently measure a load current (I Batt) sourced 
via the programmable TRU battery charger; 

intermittently communicating the value of TRS Controller 
offset current (I TRU Shunt) to the programmable 
TRU BC, wherein the programmable TRU BC is con 
nected to the TRU battery via a current path through the 
programmable TRS Controller; and 

controlling a TRU battery charge mode of the program 
mable TRU BC based on an offset current value repre 
sented as (I Batt)-(I TRU Shunt). 

12. The method according to claim 11, further comprising 
measuring a null-mode TRU battery voltage via the TRU BC. 

13. The method according to claim 12, further comprising, 
adjusting the measured null-mode TRU battery voltage based 
on the offset current value represented as (I Batt)- 
(I TRU Shunt), wherein (I Batt) is zero Amperes during the 
null-mode TRU battery voltage measurement. 

14. The method according to claim 13, further comprising, 
operating the programmable TRUBC in a bulk current charg 
ing mode based on the value of offset current drawn from the 
TRU battery by the programmable TRS Controller and sub 
sequently communicated to the programmable BC by the 
programmable TRS Controller. 

15. The method according to claim 13, further comprising, 
operating the programmable TRUBC in an absorption charg 
ing mode based on the value of offset current drawn from the 
TRU battery by the programmable TRS Controller and sub 
sequently communicated to the programmable BC by the 
programmable TRS Controller, such that the programmable 
TRUBC continues to charge the TRU battery at lower voltage 
and current levels subsequent to the TRU battery bulk charg 
ing mode. 

16. The method according to claim 13, further comprising, 
operating the programmable TRU BC in a float charging 
mode based on the value of offset current drawn from the 
TRU battery by the programmable TRS Controller and sub 
sequently communicated to the programmable BC by the 
programmable TRS Controller, such that the programmable 
TRU BC continues to provide charge to the TRU battery at 
lower voltage and current levels subsequent to the TRU bat 
tery absorption charging mode. 


